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Effect of respiratory syncytial virus on subsequent allergic
sensitization to ovalbumin in guinea-pigs
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ABSTRACT: Children with acute respiratory syncytial virus (RSV) bronchiolitis
often develop recurrent wheezing, asthma and allergic sensitization, but the role of
RSV in the pathogenesis of these sequelae is unclear. This study examined whether
RSYV infection potentiates subsequent allergic sensitization, airway hyperresponsive-
ness (AHR) and airway inflammation induced by repeated exposures to aerosolized
ovalbumin (OA) in guinea-pigs.

Guinea-pigs received either RSV or sham inoculum, followed by exposures to OA-
or saline-containing aerosols to form the following groups: 1) noninfected, nonsen-
sitized controls (sham/saline group); 2) RSV-infected, nonsensitized animals (RSV/
saline group); 3) noninfected, OA-sensitized animals (sham/OA group); 4) RSV in-
fection and first OA exposure on the same day (RSV/OA group), and 5) RSV infection
six days prior to first OA exposure (RSV6/OA group). Three days after the final
aerosol exposure, circulating OA-specific immunoglobulin (Ig)G, antibody titres and
AHR to inhalation acetylcholine challenge were measured and morphometry per-
formed to evaluate allergic inflammation of the airways.

OA-exposed animals developed OA-specific IgG,; antibodies, AHR and airway
eosinophilia (sham/OA, RSV/OA and RSV6/OA groups. RSV infection alone induced
significant AHR and airway eosinophilia (RSV/saline group). RSV infection, and con-
comitant exposure to OA (RSV/OA group) enhanced OA-specific IgG, antibodies, but
not airway eosinophilia or AHR. Such increases were not observed in the RSV6/0A
group.

In conclusion, respiratory syncytial virus potentiates the production of ovalbumin-
specific immunoglobulin G, antibodies in guinea-pigs, but circulating titres of these
antibodies do not reflect the extent of airway hyperresponsiveness or airway in-
flammation. In addition, respiratory syncytial virus infection alone can produce slight
increases in airway hyperresponsiveness that are associated with increased numbers
of eosinophils in the airways.
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Respiratory syncytial virus (RSV) infection is the most
common cause of acute bronchiolitis affecting children
<2 yrs of age [1]. Children hospitalized for acute RSV
bronchiolitis frequently develop sequelae of recurrent
wheezing and asthma [2] that may relate to a genetic
predisposition [3]. Viral respiratory tract infections in-
volving RSV, parainfluenza virus (PIV) and cytomega-
lovirus have also been implicated in the onset of allergic
sensitization in children born into families with a history
of allergy [4]. By contrast, other investigators have pos-
tulated that viral respiratory tract infections during early
postnatal life may be protective against the development
of asthma or allergy [5, 6]. Overall, there is considerable
controversy with regard to the potential role of viral
respiratory tract infections, including acute RSV bronch-
iolitis, in triggering allergic sensitization, or potentiating
airway hyperresponsiveness (AHR) and/or airway in-
flammation that are characteristic of asthma [7].

The interaction between viral respiratory tract infection
and allergic sensitization has been studied in a number of

animal models. Early studies in mice [8, 9] examined the
effects of influenza virus infections on the production of
ovalbumin (OA)-specific immunoglobulin (Ig)E antibo-
dies in animals that were subsequently sensitized to OA.
The results of these experiments suggested that the in-
flammatory response developing during an acute, lytic
viral infection could be necessary for the production of
OA-specific IgE. Similar studies have reported that acute
RSV infection of mice potentiated the production of
allergen-specific IgE [10, 11]. Recent studies of PIV-
infected guinea-pigs [12] and RSV-infected mice [13]
attempted to expand upon these findings by including
measurements of AHR and lung inflammation, in addi-
tion to viral effects on production of OA-specific IgE and/
or IgG; (the major subclass of antibody involved in the
allergic responses of guinea-pigs [14]). However, the re-
sults of these studies showed apparent discrepancies in
the effects of antecedent viral infection on antibody pro-
duction, AHR and lung inflammation in animals sub-
sequently sensitized to OA. Specifically, acute PIV-3
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infection of guinea-pigs before OA sensitization resulted
in increased production of OA-specific IgG,, specific
AHR to OA challenge, and increased numbers of eos-
inophils recovered by bronchoalveolar lavage (BAL)
[12], while RSV-infected mice showed increases in AHR
and inflammation, without concomitant increases in OA-
specific IgE titres [13]. The relationship between cir-
culating titres of OA-specific IgE/IgG;, AHR and lung
inflammation remains unclear.

In this laboratory, guinea-pigs have been used as an
animal model of allergic sensitization to OA [15] and as a
model of acute RSV bronchiolitis [16, 17]. In this animal
model, repeated exposures to aerosolized OA results in
the production of OA-specific IgG; antibodies, nonspe-
cific AHR to inhaled acetylcholine (ACh), and increased
numbers of eosinophils within the airways [15]. Ex-
perimental inoculation of human RSV into juvenile gui-
nea-pigs produces histological features of human acute
bronchiolitis, in which bronchiolar inflammation and
AHR are maximal at 67 days after RSV inoculation [16,
17]. It has recently been reported that acute RSV infection
increases AHR in guinea-pigs that were presensitized to
OA [18], but the effect of acute RSV infection prior to OA
exposure on OA-specific IgG; production, AHR or air-
way inflammation is not known.

The purpose of this study was to investigate the effects
of acute RSV infection on the subsequent allergic sen-
sitization to aerosolized OA in juvenile guinea-pigs. The
experimental approach consisted of measuring circulating
titres of OA-specific IgG, antibodies and AHR, and per-
forming airway morphometry to determine the numbers
of infiltrating eosinophils and metachromatic cells (mast
cells/basophils) in multiple airway compartments.

Methods
Study design

The experimental design is illustrated in figure 1. Forty
guinea-pigs were randomly assigned into five groups
(n=8 for each group). Three groups of guinea-pigs were
inoculated with RSV and either exposed immediately to
aerosols containing saline (RSV/saline group) or 1% OA
in saline (RSV/OA group), or exposed six days after the
infection to aerosols of 1% OA (RSV6/OA group). The
two intervals between RSV infection and first exposure to
OA were chosen to correspond to times preceding or
concomitant with virus-induced acute bronchiolar inflam-
mation [16]. Uninfected guinea-pigs were similarly inoc-
ulated with uninfected (sham) cell culture medium and
subsequently exposed to ovalbumin (sham/OA group) or
saline (sham/saline group) (fig. 1). Following a sensitiza-
tion period of 7 days, the animals were challenged three
times per week for two consecutive weeks with aerosols
containing 0.5% OA or saline, depending on the group.
Three days after the last aerosol challenge, the animals
were injected with pentobarbitone (i.p.) and exsangui-
nated by cardiac puncture. Specimens of serum were pre-
pared from whole blood for titration of OA-specific IgG;
antibody, and the lungs were processed for viral culture
and for histological analyses of the allergic inflammatory
cell response. For lung mechanics measurements, another
set of 40 guinea-pigs were studied, in which ACh chal-

Sensitization AHR
1.0% OA measurement

Repeated challenges with 0.5%
OA (3x per week for 2 weeks)

Days -6 0 7 14 21 24

Group 1 Sham Saline Saline
sham/saline

Group 2 RSV  Saline Saline
RSV/saline

Group 3 OA OA
sham/OA

Group 4 Sham RSV+0A OA
RSV/OA

Group 5 RSV OA OA
RSV6/0A

Fig. 1. — Schematic representation of experimental design. Airway
hyperresponsiveness (AHR) measurement and the collection of blood
and lung tissue specimens occurred 3 days after the last aerosol expo-
sure. OA: ovalbumin; RSV: respiratory syncytial virus; RSV6: RSV 6
days prior to OA. AHR was to acetylcholine challenge.

lenge was performed 3 days after the last aerosol expo-
sure. A separate set of animals were used because it has
been shown that the ACh challenge protocol can affect
airway morphometry in guinea-pigs by producing arte-
fact, thereby yielding potentially misleading results [19].
All experiments were performed with the approval of
the Animal Care Committee at the University of British
Columbia.

Virus preparation

Human Long strain, type A RSV (American Type Cul-
ture Collection (ATCC), Rockville, MD, USA) was prop-
agated on HEp-2 (ATCC) cell monolayers as previously
described [16]. The culture medium consisted of minimal
essential medium (MEM); Gibco, Grand Island, NY,
USA) supplemented with 2% heat-inactivated foetal bov-
ine serum (FBS) (Hyclone Laboratories Inc., Logan, UT,
USA) 0.292 mg-mL™" L-glutamine (Glbco) and 50 pg-
mL™" of gentamicin (Gibco). After five days of culture,
the culture fluids containing free virus were harvested and
centrifuged at 10,000 x g for 10 min at 4°C to remove cell
debris. The clear supernatants were then pooled and
concentrated by ultrafiltration through a 100 kDa cut-off
membrane (Centriprep-100; Amicon Corp., Toronto, ON,
Canada) according to the manufacturer’s instructions.
Viral stocks were kept at -70°C and used for inoculation
of guinea-pigs within one week of storage. Supernatants
of uninfected HEp-2 cell cultures were similarly prepared
for sham inoculation of control animals.

Inoculation protocol

Female Cam-Hartley guinea-pigs (1 month-old, body
weight: 250-300 g) were purchased from Charles River
Laboratories (Montreal, QC, Canada) and housed in filter-
isolated large polycarbonate cages and acclimatized for
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one week before experimentation. Animals were lightly
anaesthetized by inhalation of 5% halothane and inocu-
lated 1ntranasally with 200 pL of diluted RSV suspension
(4.5 x 10 plaque forming units (pfu)-animal™), pre-warm-
ed at 37°C, as previously described [16]. Uninfected,
control guinea-pigs were similarly anaesthetized and giv-
en the same volume of sham inoculum. The infected
animals were housed in a different room from the unin-
fected animals, but were otherwise maintained under
identical conditions of alternating 12 h light-dark cycles,
and free access to guinea-pig chow (Ralston Purina Corp.,
St. Louis, MO, USA) and water.

OA sensitization and challenge

Guinea-pigs were placed in polycarbonate chambers and
sensitized for 10 min by inhalation exposure to an aerosol
of 1% OA solution (grade III, Sigma Chemicals, St. Louis,
MO, USA) in sterile 0.9% saline, delivered by an ultra-
sonic nebulizer (DeVilbiss, Sunrise Medical, Somerset,
PA, USA) as previously described [15]. Adjuvant was not
used because in preliminary experiments (not shown), the
findings of Sucivama et al. [20], who documented that
successful sensitization to aerosolized OA could be ach-
ieved in guinea-pigs without the requirement for an ad-
juvant, were confirmed. Aerosol challenges commenced
7 days after the initial sensitization procedure and con-
sisted of 10 min exposures to 0.5% aerosols of OA in

0.9% saline, repeated three times per week for two con-
secutive weeks. All animals were pretreated with dlphen—
hydramine (40 mg-kg of body weight™ i.p.), 20 min prior
to OA challenge, to prevent anaphylactic death.

OA-specific immunoglobulin G titres

Circulating titres of anti-OA IgG, antibodies were de-
termined in each guinea-pig’s serum by using an enzyme-
linked immunosorbent assay (ELISA), derived from a
previous method [21]. Briefly, polypropylene 96-well
microtitre plates (Falcon, Mississauga, ON, Canada) were
precoated overnight at 4°C with 5 pg OA-well™" in car-
bonate/bicarbonate coating buffer (Sigma) and washed
four times with Tween-containing, phosphate-buffered
saline (PBS-T; 10 mM PBS, pH 7.4 with 0.05% Tween-
20). Guinea-pig sera were serially two-fold diluted (1:50—
1:1,600 in PBS-T with 1% bovine serum albumin (BSA;
Sigma)) and 100 uL were added to each well for 2 h of
incubation at room temperature. Samples were washed
four times with PBS-T before addition of 200 uL of
optimally diluted (1:2,000 in PBS-T +1% BSA) per-
oxidase-conjugated goat anti-guinea-pig IgG; (Nordic
Immunological Laboratories, Capistrano Beach, CA,
USA). This antibody recognizes the Fc portion of the
IgG; molecule and does not cross-react with other com-
ponents of the immunoglobulin system or with other
proteins present in the guinea-pig’s serum. After 2 h of
incubation, the wells were washed four times and incu-
bated with 200 UL of o-phenylenediamine dihydrochlor-
ide (OPD) peroxidase substrate (Sigma) for 30 min. This
enzymatic reaction was terminated by the addition of 50
UL 3M H,SO, and the optical density (OD) was deter-
mined at a wavelength of 492 nm in an ELISA microtitre

plate reader (Titertek Multiskan Plus MK2; Titertek,
Huntsville, AL, USA). Titres were determined as the
greatest dilution of serum to produce an OD of at least 0.1
U above control values. Controls consisted of sera ob-
tained from unexposed, naive animals. This endpoint of
0.1 OD units above control values was predetermined
from point titration of the least amount of guinea-pig IgG
that can be detected by the method using the same op-
timal dilution of anti-guinea-pig IgG;. At this cut-off
level, the lower limit of detection was 1.5-2 times higher
than background values.

Measurement of lung mechanics

The protocol for measurement of lung mechanics by
challenge with inhaled ACh was based on previous work
in OA-sensitized and RSV-infected guinea-pigs [15, 17,
18]. Three days after completion of the last aerosol chal-
lenge, each guinea-pig was anaesthetized by i.p. 1nJect10n
of ketamine (50 mg-mL™") and xylazine (10 mg-mL™"). A
catheter was inserted through the mouth into the distal
oesophagus of the guinea-pig which was cannulated via
the trachea and then placed into a whole-body plethys-
mograph. All guinea-pigs were paralysed with the neuro-
muscular blocking drug, succinylcholine, and ventilated
with a small animal ventilator (Harvard Instruments Cor-
poratlon South Natick, MA, USA) at a rate of 60 breaths
min™ and a tidal volume of 10 mL-kg of body weight™.
Pulmonary resistance (RL) was measured at baseline, fol-
lowing nebulized saline, and after each dose of ACh (0.5,
1.5, 5, 15 and 50 mg- mL 1. Acetylcholine was admm—
1stered as six tidal breaths with a flow rate of 8 L-min™'
Following each dose of ACh, it was ensured that the
transpulmonary pressure had returned to baseline prior to
the next dose RL was calculated for the baseline, 15 and
50 mg-mL" doses of ACh, since in previous studies it has
been shown that there were no significant differences
between groups of OA-sensitized, RSV—mfected or con-
trol guinea-pigs at doses of ACh <15 mg-mL™ [15, 17,
18]. RL was calculated from the electrically differentiated
volume signal and the transpulmonary pressure according
to the method of NEERGAARD and Wirz [22], by using a
DIREC physiological recording system incorporating
ANADAT (Raytech Instruments, Vancouver, BC, Cana-
da) and expressed as the absolute change in pulmonary
resistance (cmH,O-mL"-s).

Airway morphometry

Airway inflammation was evaluated by histological
examination of paraffin-embedded lung tissue sections, by
counting the numbers of eosinophils and metachromatic
cells in three airway compartments (mucosa, submucosa
and adventitia), and normalized to the airway size, as out-
lined by Bai et al. [23]. The left lung was inflated with a
1:1 (v/v) mixture of optimal cutting temperature com-
pound (Miles Scientific, Elkhart, IN, USA) and 4% pa-
raformaldehyde in PBS and longitudinal slices were cut
with a scalpel blade to allow for cross-sectioning of
a maximum of airways. These slices were then placed
in tissue cassettes and fixed for an additional 24 h in
4% paraformaldehyde in PBS, before processing into
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paraffin. Serial, 5-um sections were cut from each para-
ffin block and stained with: haematoxylin and eosin for
routine histological examination; Masson's trichrome
stain for morphometric measurement of the perimeter of
the epithelial basement membrane of the airway (Pbm);
Hansel's stain to identify eosinophils; and toluidine blue
stain to identify metachromatic cells (mast cells/baso-
phils) [24]. Slides were coded such that the observers
were not aware from which group of guinea-pigs a given
slide originated.

The Bioquant IV software image analysis system (R &
M Biometrics, Nashville, TN, USA) was used for airway
morphometry. Up to 10 small-to-midsized, noncartilagi-
nous airways (Pbm range: 0.25-1.25 mm) were studied per
lung section. Eosinophils and metachromatic cells infil-
trating the same airway were counted on consecutive sec-
tions, and their numbers were expressed per mm of Pbm.
These numbers were then averaged for each animal and the
mean values for each group underwent a square root trans-
formation for statistical comparisons.

Viral plaque assay

In order to assess successful lung infection by RSV and
to determine the amounts of intrapulmonary, replicating
virus for each infected animal, the right lung was weighed
and homogenized in 3 mL of MEM. The homogenate was
further sonicated on ice for 1 min at the maximum output
from a Vibra cell sonicator (Sonics & Materials Inc.,
Danbury, CT, USA). The resulting lysate underwent cen-
trifugation for 15 min at 1,500 x g to remove cell debris,
and the clear supernatant was used to determine the am-
ounts of replicating virus by plaque assay on HEp-2 cells,
as previously described [16]. The results were expressed
as numbers of viral pfu-g of lung tissue™.

Statistical analyses

The data are presented as mean+sem. Data for the OA-
Specific IgG; antibody titres were normalized by geo-
metric transformations (Log,). Mean RL values between
the five groups of guinea-pigs were compared by using
multivariate, repeated measures analysis of variance (AN-
OVA), and a sequential rejective Bonferroni procedure was
used to correct for multiple comparisons [25]. All other
measurements underwent square root transformation and
were analysed by using a one-way ANOVA with nesting.
A p-value <0.05 was considered to be statistically sig-
nificant.

Results

No differences for either initial or final body weights
were present between the five groups of guinea-pigs.
Infectious RSV was recovered from the lungs of all of the
infected animals, and the mean numbers of intrapulmon-
ary, replicating virus were similar between the RSV/saline,
RSV/OA and RSV/OA groups (table 1).

OA-specific antibody titres

OA-specific IgG, antibodies were detected in the sera of
all guinea-pigs that underwent repeated exposures to aero-
solized OA. The titres of OA-specific IgG; were signi-
ficantly higher in the RSV/OA group than in the sham/ OA
group (p<0.05). The RSV6/OA group showed intermedi-
ate values. No OA-specific IgG, antibodies were detected
in sera obtained from the RSV/saline or sham/saline
groups (table 1).

Lung mechanics

Table 2 shows that at a dose of ACh of 50 mg mL™', RL
was significantly increased in all treatment groups in
comparison to the sham/saline controls. The greatest in-
creases in RL were observed in the three groups of
animals that were exposed to aerosolized OA, irrespective
of whether animals were infected with RSV. Interestingly,
at the ACh dose of 50 mg mL™", the RSV/saline group had
significantly higher RL than the sham/saline control
group, indicative of an increase in AHR from RSV in-
fection alone.

Airway morphometry

Figure 2 shows representative photomicrographs of
Hansel- and toluidine blue-stained sections of guinea-pig
airways. Table 3 shows the results of eosinophil and
metachromatic cell counts in the airways of the five
groups of animals studied. There were significant in-
creases in the numbers of eosinophils in all three airway
compartments and increases in the numbers of adventitial
metachromatic cells in the sham/OA, RSV/OA and RS-
V6/OA groups, in comparison to the RSV/saline and
sham/saline groups. In addition, the RSV/saline group
had significantly more eosinophils in the adventitial and
submucosal compartments than the sham/saline controls
group. Statistical analysis of the numbers of metachro-
matic cells in the mucosal or submucosal compartments
of the airways was precluded owing to very low numbers
of these cells (<0.05 cells-mm Pbm™") observed in any of
the five groups of guinea-pigs studied.

Table 1. — Viral plaque assays and circulating titres of
ovalbumin (OA)-specific immunoglobulin (19)G4

Sham/ RSV/ Sham/ RSV/ RSV6/
saline saline OA OA OA

Lung viral titres ND 15519 ND  143£15 133+£17
pfu-g lung
tissue’

Circulating titres ~ ND
of OA-specific

IgG 1

Data for plaque assays are presented as meantsem. Data for
circulating OA-specific IgG; are presented as mean reciprocal
titrexsem. ND: not detected; RSV6: respiratory syncytial virus 6
days prior to OA. *: p<0.05, significantly different for RSV/OA
versus sham/OA.

ND 525484 950+73* 680+114
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Table 2. — Measurements of lung mechanics
RL responses to ACh c111I-120-mL'l

Treatment group

Baseline 15 mgmL' 50 mg-mL™'
Sham/saline 0.16£0.01  0.89+0.15 1.40+0.13
RSV/saline 0.15+0.01  1.16+0.16 2.20+0.20%*
Sham/OA 0.18+0.04  1.71+0.63 3.04+0.70*
RSV/OA 0.16+0.03  1.10+0.39 2.78+0.44%*
RSV6/0A 0.16£0.01  1.28+0.29 3.30+0.70*"

Data are presented as mean+sem. RL: pulmonary resistance;
ACh: acetylcholine; RSV: respiratory syncytial virus; OA: oval-
bumin; RSV6: RSV 6 days prior to OA. *: p<0.05, significantly
different from sham/saline group; *: p<0.05, significantly dif-
ferent from RSV/saline group.

Discussion

Allergic airway inflammation and AHR are important
characteristics of asthma [7]. Clinical and experimental
observations have implicated respiratory viral infections
in early postnatal life in the development of airway
sensitization to aeroallergens and AHR in young children
[2-4, 8, 9, 12, 13]. The present study investigated the
effect of RSV infection on subsequent sensitization to
inhaled OA and AHR in a guinea-pig model of ex-
perimental RSV bronchiolitis and allergic sensitization to
aeroallergen.

The results showed that repeated inhalation exposures of
naive guinea-pigs to aerosolized OA resulted in the dev-
elopment of OA-specific IgG; antibody (the functional
equivalent to mouse IgE [14]), airway eosinophilia and
AHR. The OA-specific antibody response was further in-
creased in guinea-pigs infected with RSV and conco-
mintly exposed to aerosolized OA. However, no such
enhanced OA-specific antibody response was observed
when sensitization was performed 6 days post-RSV in-
fection, when maximal virus-induced lung inflammation
is usually observed [16].

The findings of this study are in agreement with results
of previous studies of mice that were sensitized to OA after
influenza A virus infection. In one of these studies, titres of
OA-specific IgE progressively decreased when antigen
exposure occurred at 6-8 days postinfection [8], while
another study showed no significant viral-enhancement
of OA-specific IgE when first OA exposure occurred at 7
days postinfection [9]. Possible explanations to the ap-
parently critical timing of antigen exposure relative to
viral infection may include temporal differences in the
amount of antigen deposited in the airway mucosa, fac-
tors related to the uptake and processing of antigen, and/
or the local immune environment. In RSV-infected guin-
ea-pigs, airway inflammation is maximal at 6—7 days
postinfection and is characterized by a prominent airway
infiltration by phagocytes such as monocytes and granu-
locytes [16, 21]. These phagocytes may be involved in the
clearance of foreign antigens deposited on the surface or
within the airway mucosa, thereby limiting the amount of
antigen available for airway sensitization. Further studies
are required to determine the mechanisms by which the
timing of viral infection and antigen exposure could in-
fluence airway sensitization.

s
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Fig. 2. — Photomicrographs showing Hansel-stained (a, c, e, g, i) and
toluidine blue-stained (b, d, f, h, j) sections of guinea-pig airways. Note
the prominent eosinophil infiltrates (red-staining cells) within the air-
ways of the sham/ovalbumin (OA) (e, f), respiratory syncytial virus
(RSV)/OA (g, h) and RSV6/OA (i, j) groups; the airway from a RSV/
saline (c, d) animal has eosinophil infiltrates intermediate between those
observed in the sham/saline (a, b) control group and in the three groups
of OA-sensitized animals. In all groups of animals, there are rare
metachromatic (magenta-staining) cells within the adventitia. (Internal
scale bar = 25 pm.)
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Table 3. — Airway inflammatory cell response

981

Sham/saline RSV/saline Sham/OA RSV/OA RSV6/0A
Eosinophils
Adventitia 10.3+1.8 14.2+1.6* 62.846.1° 66.5+5.4" 51.0+4.4%
Submucosa 1.140.5 2.6+0.8% 11.5+1.9" 11.5+1.9% 7.7+1.6"
Mucosa 0.0 0.140.1 1.440.3" 1.540.3" 1.340.3"
Metachromatic cells
Adventitia 1.7+0.4 2.6+0.4 5.140.6" 4.6+0.6" 4.0+0.7"

Data are presented as mean+sem of cell numbers per mm of basement membrane of airway. RSV6: respiratory syncytial virus 6 days
prior to ovalbumin (OA). *: p<0.05, significant differences RSV/saline versus sham/saline; ': p<0.05; significant difference OA versus

non-OA.

The interaction of allergen and specific IgE on the
surface of sensitized mast cells and eosinophils can result
in the activation of these cells and release of a variety of
inflammatory cytokines and bronchoactive mediators [26].
In the present study, the virus-associated increases in
titres of OA-specific IgG, antibody did not result in either
enhanced AHR or increased airway inflammation by eos-
inophils or metachromatic cells in the RSV-infected, OA-
exposed guinea-pigs. This finding is not surprising, since
recent studies of knockout mice have provided evidence
that allergen-induced eosinophilic inflammation and AHR
can occur in the absence of interleukin (IL)-4 and OA-
specific IgE [27]. Previous studies in mice which were
genetically deficient in IL-5 or treated with an anti-IL5
antibody suggested that AHR may be directly associated
with increased numbers of eosinophils and their products
in the lungs [28, 29]. Accordingly, the lack of enhanced
AHR in RSV-infected, OA-sensitized guinea-pigs could
be related to the lack of virus-induced increases of eos-
inophilic airway inflammation in these animals.

In a recent report, RSV infection of mice, prior to OA
sensitization, resulted in enhanced AHR, which was ex-
plained by a significant increase in lung eosinophilia,
without an increase in specific IgE [13]. Although these
animals were sensitized to OA, on day 21 postinfection
when apparent resolution of changes induced by acute
infection had occurred, no culture isolation of virus was
performed at this time to determine whether RSV per-
sisted long enough in the lungs to mediate the observed
effects.

The present study also demonstrated that infectious
RSV persisted in the lungs of guinea-pigs that were not
exposed to OA, and this persistence was associated with
increased AHR and increased airway eosinophilia. These
findings extend previous observations of persistent RSV
replication and histological evidence of increased granu-
locyte infiltrates in the guinea-pig lung [21]. They are
consistent with other investigations that have documented
long-term persistence of AHR and viral antigen in the
lungs of RSV-infected guinea-pigs [30] and subacute
increases in AHR after experimental rhinovirus type 16
infection of asthmatic patients [31]. The RSV-induced
eosinophilia and AHR observed in the present study,
however, did not potentiate the OA-induced increases in
airway eosinophilia and AHR in RSV-infected, OA-
sensitized animals. In this study, the total number of ex-
posures of animals to OA and concentration of OA used
in aerosols were intermediate between those used in pre-
vious studies of PIV-infected guinea-pigs and RSV-
infected mice [12, 13]. The protocols used for exposure of

animals to OA could be important in explaining the
results obtained by different groups of investigators.

The present results also highlight differences that are
dependent upon the sequence of RSV infection and al-
lergen sensitization. In a previous study, it was shown that
when guinea-pigs were presensitized to OA by a protocol
of repeated exposures to OA aerosols, a subsequent acute
RSV infection potentiated AHR to a greater extent than
was observed in uninfected, OA-sensitized animals or in
nonsensitized, RSV-infected animals [18]. These results
are consistent with the hypothesis that if a child is already
allergically sensitized, the child might develop more sev-
ere symptoms of acute RSV bronchiolitis. In this sit-
uation, the RSV infection may represent a marker for
existing allergy rather than acting as a trigger for the onset
of allergic sensitization.

In summary, the results of this study show that increased
ovalbumin-specific immunoglobulin G; antibody titres are
indicative of allergic sensitization in guinea-pigs, but do
not reflect either the extent of airway hyperresponsiveness
or eosinophilic airway inflammation. In studying the role
of the respiratory syncytial virus in the process of allergic
sensitization, it is important to consider serological res-
ponses separately from the physiological or histological
changes in the lungs of affected animals. This distinction
may be relevant to the appropriate interpretation of in-
tervention studies designed to prevent the sequelae of ac-
ute respiratory syncytial virus bronchiolitis in children.

References

1. Collins PL, Mclntosh K, Chanock RM. Respiratory syn-
cytial virus. /n: Fields BN, Knipe DM, Howley PM, et al.,
eds. Fields’ Virology. 3rd Edn. Philadelphia, Lippincott-
Raven, 1996; pp. 1313-1351.

2. Sly PD, Hibbert MA. Childhood asthma following hos-
pitalization with acute viral bronchiolitis in infancy. Ped-
iatr Pulmonol 1989; 7: 153-158.

3. Sigurs N, Bjornson R, Sigurbergsson F, Kjellman B,
Bjorksen B. Asthma and immunoglobulin E antibodies
after respiratory syncytial virus bronchiolitis: a prospec-
tive cohort study with matched controls. Pediatr 1995;
95: 500-505.

4. Frick OL, German FD, Mills J. Development of allergy in
children. Association with virus infection. J Allergy Clin
Immunol 1979; 63: 228-241.

5. Martinez FD. Role of viral infections in the inception of
asthma and allergies during childhood: could they be
protective? Thorax 1994; 49: 1189-1191.

6. Shaheen SO, Aaby P, Hall AJ, Barker DIP, Heyes CB,
Shiell AW. Measles and atopy in Guinea-Bissau. Lancet
1996; 347: 1792-1796.



982

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

A. DAKHAMA ET AL.

Hamid Q, Song Y, Kotsimbos TC, et al. Inflammation of
small airways in asthma. J Allergy Clin Immunol 1997,
100: 44-51.

Sakamoto M, Ida S, Takishima T. Effect of influenza virus
infection on allergic sensitization to aerosolized oval-
bumin in mice. J Immunol 1984; 132: 52614-52617.
Holt PG, Vines J, Bilyk N. Effect of influenza virus
infection on allergic sensitization to inhaled antigen in
mice. Int Arch Allergy Appl Immunol 1988; 86: 121-123.
Leibovitz E, Freihorst J, Piedra P, Ogra PC. Modulation
of systemic and mucosal immune responses to inhaled
ragweed antigen in experimentally induced infection with
respiratory syncytial virus: implication in viral allergy. /nt
Arch Allergy Appl Immunol 1988; 86: 112-116.
Freihorst J, Piedra PA, Okamoto Y, Ogra PL. Effect of
respiratory syncytial virus infection on the uptake of and
immune response to other inhaled antigens. Proc Soc Exp
Bio Med 1988; 188: 191-197.

Riedel F, Krause A, Slenczka W, Rieger CHL. Parain-
fluenza-3-virus infection enhances allergic sensitization
in the guinea-pig. Clin Exp Allergy 1996; 26: 603—609.
Schwarze J, Hamelmann E, Bradley KL, Takeda K,
Gelfand EW. Respiratory syncytial virus infection results
in airway hyperresponsiveness and enhanced airway sen-
sitization to allergen. J Clin Invest 1997; 100: 226-233.
Al-laith M, Weyer A, Havet N, Dumarey C, Vargaftig BB,
Bachelet M. Immunoglobulin-G-dependent stimulation of
guinea pig lung mast cells and macrophages. Allergy
1993; 48: 608—614.

Ishida K, Kelly LJ, Thomson RJ, Beattle LL, Schel-
lenberg RR. Repeated antigen challenge induces airway
hyperresponsiveness with tissue eosinophilia in guinea
pigs. J Appl Physiol 1989; 67: 1133—1139.

Hegele RG, Robinson PJ, Gonzalez S, Hogg JC. Pro-
duction of acute bronchiolitis in guinea-pigs by human
respiratory syncytial virus. Eur Respir J 1993; 6: 1324—
1331.

Robinson PJ, Hegele RG, Schellenberg RR. Increased
airway reactivity in human respiratory syncytial virus
bronchiolitis in the guinea pig is not due to increased wall
thickness. Pediatr Pulmonol 1996; 22: 248-254.
Robinson PJ, Hegele RG, Schellenberg RR. Allergic
sensitization increases airway reactivity in guinea pigs
with respiratory syncytial virus bronchiolitis. J Allergy
Clin Immunol 1997; 100: 492-498.

Chan NG, Bramley AM, Hegele RG. Comment on the
workshop on airway inflammation and remodelling in
asthma: implications for asthma therapy. Cdn Respir J
1998; 5: 226-231.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sugiyama H, Okada C, Bewtra AK, Hopp RJ, Townley
RG. The effect of formoterol on the late asthmatic pheno-
menon in guinea-pigs. J Allergy Clin Immunol 1992; 89:
858-866.

Dakhama A, Vitalis TZ, Hegele RG. Persistence of res-
piratory syncytial virus (RSV) and development of RSV-
specific IgG; response in a guinea-pig model of acute
bronchiolitis. Eur Respir J 1997; 10: 20-26.

von Neergaard K, Wirz K. Die messung aes stromun-
gwiderstand in den aternwegen des menschen, inbeson-
dere bei asthma und emphysem. Z Klin Med 1927; 105:
51-82.

Bai A, Eidelman DH, Hogg JC, et al. Proposed no-
menclature for quantifying subdivisions of the bronchial
wall. J Appl Physiol 1994; 77: 1011-1014.

Drury RAB, Wallington EA. Carleton’s Histological Tech-
nique. London, Oxford University Press, 1967.

Godfrey K. Comparing means of several groups. /n:
Bailar JC III, Mosteller F, eds. Medical Uses of Statistics.
Waltham, MA, NEJM Books, 1986; pp. 205-234.
Schwartz L, Huff T. Biology of mast cells and basophils.
In: Middleton E Jr, Reed CE, Ellis EF, Adkinson NF Jr,
Yunginger JW, Busse WW, eds. Allergy. Principles and
Practice. 4th Edn. St. Louis, MO, Mosby-Year Book Inc,
1993; pp. 135-168.

Hogan SP, Mould A, Kikutani H, Ramsay AJ, Foster PS.
Aeroallergen-induced eosinophilic inflammation, lung da-
mage, and airways hyperreactivity in mice can occur indep-
endently of IL-4 and allergen-specific immunoglobulins. J
Clin Invest 1997; 99: 1329-1339.

Foster PS, Hogan SP, Ramsay AJ, Matthael KI, Young
IG. Interleukin 5 deficiency abolishes eosinophilia, air-
ways hyperreactivity, and lung damage in a mouse asthma
model. J Exp Med 1996; 183: 195-201.

Hamelmann E, Oshiba A, Loader J, et al. Anti-IL-5 an-
tibody prevents airway hyperresponsiveness in a murine
model of airway sensitization. Am J Respir Crit Care Med
1997; 155: 819-825.

Riedel F, Oberdieck B, Streckert HJ, Philippou S, Krusat
J, Marek W. Persistence of airway hyperresponsiveness
and viral antigen following respiratory syncytial viris
bronchiolitis in young guinea-pigs. Eur Respir J 1997,
10: 639-645.

Cheung D, Dick EC, Timmers MC, de Klerk EPA, Spaan
WM, Sterk PJ. Rhinovirus inhalation causes long-lasting
excessive airway narrowing in response to methacholine
in asthmatic subjects in vivo. Am J Respir Crit Care Med
1995; 152: 1490-1496.



